. Thorax, 33,[283][284][285][286][287][288][289]. Double outlet right ventricle: clinical and anatomical spectrum. Thirty-two patients with double outlet right ventricle (DORV) were studied between 1960 and 1976. Associated congenital defects frequently compounded the difficulty of clinical diagnosis. Cardiac catheterisation was performed in 27 patients, and the ventriculograms were studied with particular regard to the relative positions of the great vessels to each other and to the ventricular septal defect. These relationships determine which corrective operation is possible. Correction has been performed in 12 patients with a perioperative mortality of 25%.
Weir, E. K., Joffe, H. S., Barnard, C. N., and Beck, W. (1978) . Thorax, 33, [283] [284] [285] [286] [287] [288] [289] . Double outlet right ventricle: clinical and anatomical spectrum. Thirty-two patients with double outlet right ventricle (DORV) were studied between 1960 and 1976. Associated congenital defects frequently compounded the difficulty of clinical diagnosis. Cardiac catheterisation was performed in 27 patients, and the ventriculograms were studied with particular regard to the relative positions of the great vessels to each other and to the ventricular septal defect. These relationships determine which corrective operation is possible. Correction has been performed in 12 patients with a perioperative mortality of 25%.
Although mitral-aortic discontinuity was demonstrated in all cases, consideration of the anatomical spectrum included in the term DORV suggests that discontinuity is not an essential feature. In common with other clinical data and in contrast with necropsy studies, none of our patients was found to show the normal relationship of the great vessels to each other, in which the aorta lies posterior and to the right of the pulmonary artery. The reason for this difference between the clinical and necropsy findings is not apparent. A similar disparity was shown with regard to pulmonary stenosis, which was demonstrated at catheterisation in 68% of the 27 patients (mean gradient 68±3 mmHg), in contrast with incidences of 18% and 25% in recent necropsy series. Patients in the necropsy studies were frequently neonates or infants, in whom death may have been the result of intractable cardiac failure secondary to excessive pulmonary blood flow. In older patients without pulmonary stenosis and with pulmonary hypertension, frequent observation is imperative so that surgical treatment can be instituted before the development of irreversible pulmonary vascular disease.
The term double outlet right ventricle (DORV) was first used by Witham in 1957, but he pointed out that the condition had been recognised since 1875. The namle DORV applies to one abnormality in a spectrum of cardiac anomalies. This spectrum includes the range of conotruncal abnormalities from tetralogy, through the different forms of DORV, to complete transposition (Lev et al., 1972) . Within the confines of DORV the relationship of the great vessels can vary from the normal situation, through the side by side position, to one of complete transposition. Transposition in this instance is better termed malposition as both vessels arise from one ventricle (Van Praagh, 1973 (Table   4) . Two cases are illustrated in which the aorta is procedure, in which closure of the VSD permitted flow from the left ventricle to the aorta and a valved conduit was inserted between the right ventricle and the pulmonary artery. In the remainder it was possible to close the VSD and redirect flow from the left ventricle to the aorta by means of an intraventricular patch. Three of the patients in the latter group died within 24 hours of surgery. Two returned to Europe in good health but have not written subsequently. The remaining seven have been followed for a mean of 6-5 years. Six are well, though one has a residual VSD with a 48% left-to-right shunt and a pulmonary to systemic resistance ratio of 0-06. The seventh patient, who was 6 years old at the time of operation, had a resistance ratio before surgery of 0 4. Two months after operation she was shown to have a residual VSD with a net right-to-left shunt and a resistance ratio of 1 2.
Palliative operations were attempted in four patients. A Blalock shunt was performed in a 15-year-old girl because a hypoplastic right ventricle prevented total correction. She is still well five years later. A Waterston shunt was initially successful in a 4-month-old girl but she died two years later. The two remaining patients died in the perioperative period. In one of these, a baby 5 days old, the anatomy made a shunt impossible.
The diagnosis of DORV was not made at cardiac catheterisation in three patients. The catheter data from another centre indicated tetralogy of Fallot in one case. This patient was one of those who died at the time of corrective operation. The other two (aged 3 weeks and 3 months) were demonstrated at catheterisation to have an associated coarctation and patent ductus arteriosus. In both cases the intracardiac defect was diagnosed as a VSD. Both babies died in the perioperative period. In one case the ductus was ligated, the coarctation resected, and the pulmonary artery banded. In the second case the ductus alone was ligated.
No operation has been performed in the remaining nine patients seen during life. Five are young and will come to operation. At present their arterial oxygen saturation is reasonable (mean 86%) and their pulmonary vascular resistance is not raised (mean 1-8 mmHg/l/min per m2). Two have been lost to follow-up and two infants died after catheterisation but before operation.
Five infants were not examined by a cardiologist during life and the diagnosis of DORV was first made at necropsy. The oldest of these patients was 12 weeks old. The most remarkable feature in this group was the frequency of associated complex anomalies (Table 5) . 
Discussion
The anatomical definition of DORV is still controversial (Table 6 ). This confusion arises because DORV forms part of a spectrum of congenital cardiac anomalies (Gessner, 1966; Lev et al., 1972 (Kirklin et al., 1973) . Consideration of the embryological development of the conotruncus (Goor and Edwards, 1973) makes it clear that both great arteries arise from the right ventricle through failure of the normal leftward shift of the conoventricular junction. This has also been demonstrated experimentally in the chick embryo (Gessner, 1966) . Normally, mitralaortic fibrous continuity is established at a later stage by absorption of the subaortic conal myocardium. Unfortunately, mitral-aortic discontinuity, as a consequence of failure of absorption, is not a useful sign in the demarcation of DORV because absorption may not be complete in normal subjects (Rosenquist et al., 1976) , and equally mitral-aortic continuity can occur when both great arteries arise from the right ventricle (Lev et al., 1972) . A double muscular conus can also be present when the great arteries arise from separate ventricles (Angelini and Leachman, 1973) . Consequently the only unambiguous criterion for the definition of DORV is that both great arteries should originate from the right ventricle.
A more relevant classification involves the relationship of the great arteries to each other and to the underlying VSD, because these relationships determine the appropriate type of corrective operation (Kinsley et al., 1974) . If the VSD is related to the aorta (subaortic), then an intraventricular patch directing left ventricular outflow to the aorta is sufficient, as in the repair of tetralogy of Fallot. If the VSD is related to the pulmonary artery (subpulmonary), a similar intraventricular patch can be used to direct left ventricular outflow to the pulmonary artery, but the venous inflow must then be switched by means of a Mustard operation (Hightower et al., 1969) . Alternatively, the pulmonary artery can be closed proximally, the VSD closed so that left ventricular blood passes to the aorta, and then a valved conduit placed between right ventricle and distal pulmonary artery (Rastelli procedure). Fortunately, intraventricular repair is usually possible. One report on 60 patients shows that the VSD is more likely to be subaortic (67%) than subpulmonary (22%), or remote from both great arteries (8%), or related to both (3%) (Sridaromont et al., 1976) . In our series, only one patient had a Rastelli procedure while intraventricular correction was performed in 11. The operative mortality of 25% is comparable with that of earlier reports: 22% (Gomes et al., 1971a) and 32% (Gomes et al., 1971b) .
Analysis of the relationship of the VSD to the great arteries at cardiac catheterisation can be difficult. Oxygen saturation data may be helpful Zamora et al., 1975; Cameron et al., 1976; Sridaromont et al., 1976 . Entirely from RV Neufeld et al., 1961 and 1962; Venables and Usually present Campbell, 1966 Entirely from RV Witham, 1957; Angelini and Leachman, 1976 Entirely from RV Not necessary for diagnosis Lev et a!., 1972 Two cusps and part of the third of both Not necessary for diagnosis valves from RV Kirklin et al., 1973; Shinebourne et al., 1976 More than one and a half great arteries Not necessary for diagnosis from RV RV= right ventricle.
if the samples are drawn simultaneously from the great arteries. In our data eight patients were found at operation or from angiography to have subaortic VSD. The oxygen saturation in the aorta was higher than that in the pulmonary artery in six of these patients and was the same in two. Similarly, in one recent report, 27 patients had systemic arterial saturations higher than pulmonary arterial saturations (Sridaromont et al., 1976) . Twenty-four of these had subaortic ventricular septal defects. Thus when the aortic saturation is higher than the pulmonary arterial saturation the VSD is likely to be subaortic. Unfortunately, the reverse does not hold true, and when the pulmonary artery saturation is higher than the systemic saturation, the ventricular septal defect can be either subpulmonary or subaortic. Left ventriculography is considered a more reliable method of determining the relationship of the VSD to the great arteries (Neufeld et al., 1962; Hallermann et al., 1970) . In the absence of pulmonary stenosis, the flow of contrast medium to one or other great artery seems to be determined more by the relationship of the VSD to the valve of the arteries than by the relative vascular resistances (Neufeld et al., 1962) . However, the severity of pulmonary stenosis, if present, inevitably influences the opacification of the pulmonary artery, even when the VSD is subpulmonary. A study correlating angiographic reports with operative or necropsy findings is necessary. In this series a diagnosis of subaortic VSD and pulmonary stenosis, made at catheterisation in three patients, was found to be correct at operation. In another patient without pulmonary stenosis the VSD was thought to be uncommitted on angiography but was shown to be subaortic at necropsy. In view of the difficulty of determining the commitment of the VSD from the catheter data, 'the surgeon must always verify the anatomical relations for himself at operation, since the pre-operative diagnosis may not be accurate in all details' (Kirklin et al., 1973) .
Commitment of the VSD to one great artery has sometimes been noted to be associated with stenosis or hypoplasia of the other (Zamora et al., 1975) . It is likely that in these instances failure of conoventricular alignment is associated with uneven septation of the conotruncus. Some form of right-sided obstruction was present in seven of our 10 patients in whom the VSD was clearly subaortic. Both patients with subpulmonary VSD were found to have hypoplasia of the left side, although one also had a 60 mmHg gradient across the right ventricular outflow tract. Zamora et al. (1975) , in their necropsy studies, found pulmonary stenosis to be confined entirely to hearts with a subaortic VSD. Despite this association the majority of those with subaortic VSD did not have pulmonary stenosis.
The incidence of pulmonary stenosis in DORV differs in pathological and clinical reports. Only six of the 33 patients (18%) in one necropsy series had pulmonary stenosis (Zamora et al., 1975) , and 14 out of 57 (25%) in another (Angelini and Leachman, 1976 (Sridaromont et al., 1976) .
There is a difference between the data reported in clinical and pathological studies regarding the relative positions of the great arteries. It is uncommon in clinical experience to find the aorta posterior to the pulmonary artery (Hallermann et al., 1970; Sridaromont et al., 1976) , while this is the most common situation in the necropsy findings (Zamora et al., 1975; Angelini and Leachman, 1976; Cameron et al., 1976) . Similarly, it is surprising that in none of the 33 specimens examined by Zamora et al. (1975) was the aorta entirely in front of the pulmonary artery, while these cases, as illustrated by Figs 1 and 2 , formed the largest single group (38%) in our data (Table 4) . If the patients in whom the aorta is anterior to the pulmonary artery are more likely to have pulmonary stenosis, as suggested by Sridaromont et al. (1976) , and if pulmonary stenosis has a protective effect, then the difference might have been explained. However, in the necropsy series of Angelini and Leachman (1976) pulmonary stenosis was present in 13 of 25 patients with normally related great arteries and in only one of those in whom the aorta was placed more anteriorly.
On the basis of the physical examination, electrocardiogram, and chest radiograph, DORV was suspected in only three of the 27 clinical patients in our series. The diagnosis of VSD was made in five of those without pulmonary stenosis. Tetralogy of Fallot was diagnosed in nine of those with pulmonary stenosis. The diagnosis in the remaining 10 patients usually reflected the associated defects.
The electrocardiogram can sometimes alert the cardiologist to the possibility of DORV. Mirowski et al. (1963) described the electrocardiographic findings in patients with DORV associated with pulmonary stenosis. First-degree heart block was present in 42%, complete right bundle-branch block in 63%, and left ventricular hypertrophy in 74% (all of whom had systemic-to-pulmonary shunts). While these abnormalities are seldom seen in tetralogy of Fallot, the corresponding figures in our cases with pulmonary stenosis were 24%, 0%, and 6%. Consequently these particular features are not helpful in the differential diagnosis. Marked left axis deviation (mean -1320) was present in 47% of our patients with pulmonary stenosis. Left axis deviation is exceptionally rare in tetralogy of Fallot (Chesler et al., 1972 ) and thus its presence should raise the suspicion of DORV. The electrocardiogram did not help to differentiate DORV without pulmonary stenosis from VSD.
At cardiac catheterisation the diagnosis of DORV should be considered in all cases of VSD with right ventricular pressures at systemic level, and should be excluded in all cases of tetralogy. The danger of failing to make the diagnosis of DORV before surgery was borne out by the death of all three patients in this series in whom the condition was not recognised. Careful analysis of the ventriculogram (right or left) in the lateral view will prevent this error. Once DORV is seen in the perspective of a continuum of congenital cardiac anomalies, the anatomy, physiology, and several techniques of surgical correction are more easily understood. The significance of the difference between the clinical and necropsy studies, in terms of the relationship of the great vessels and the incidence of pulmonary stenosis, remains to be resolved. 
